Abstract Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide. It was reported to account for about 4.7 % of chronic liver disease in Egyptian patients. The present study aimed at studying the different factors that may be implicated in the relationship of schistosomiasis mansoni with HCC in Egypt. A total of 75 Egyptian patients with primary liver tumours (HCC) were enrolled in this study. They were subjected to full history taking and indirect hemagglutination assay (IHA) for the diagnosis of schistosomiasis. According to the results, the patients were categorized into two groups: Group I: 29 patients with negative IHA for schistosomiasis and hepatitis C virus (HCV) positive with no history or laboratory evidence of previous or current Schistosoma mansoni infection. Group II: 46 patients with positive IHA for schistosomiasis and HCV positive. The significant higher proportion of HCC patients in the present study had concomitant HCV and schistosomiasis (61.3 %) compared to HCC patients with HCV alone (38.7 %) suggesting that the co-infection had increased the incidence of HCC among these patients. Analysis of the age distribution among HCC patients revealed that patients in Group II were younger in age at time of diagnosis of HCC with mean age 57.1 years, as compared to patients in Group I with mean age 64.3 years with a highly significant statistical difference between the 2 groups. HCC in Group II was more common in rural residents while it was more common in urban areas in Group I with a significant statistical difference between the 2 groups. Analysis of the sex distribution among the studied groups showed that HCC was more common in males than females in both groups. As regards the aggression of HCC, it was more commonly multifocal and larger in size in patients with concomitant infection than in patients with HCV alone.
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In Egypt, HCC was reported to account for about 4.7 % of chronic liver disease (CLD) patients (El-Zayadi et al. 2001) .
Hepatitis B virus (HBV) is considered as a major risk factor for the progression to liver cirrhosis and HCC (Ohata et al. 2004) . Integration of the viral DNA into host genome was suggested to be the initiating event for HBV-induced carcinogenesis (Xiong et al. 2003) .
The fundamental mechanism by which hepatitis C virus (HCV) is related to HCC is not definitely known. Some studies suggest that HCV mostly plays an indirect role in tumor development and appears to increase the risk of HCC by promoting fibrosis and cirrhosis. On the other hand, other studies suggest that HCV may play a direct role in hepatic carcinogenesis through involvement of viral gene products in inducing liver cell proliferation (El-Nady et al. 2003) .
Schistosomiasis is a chronic helminthic disease infecting more than 200 million people worldwide. Concomitant schistosomiasis and HCV infection is common in many developing countries and exhibits a unique clinical, virological, and histological pattern manifested by virus persistence with high HCV RNA titers, higher necroinflammatory and fibrosis scores in liver biopsies, and poor response to interferon therapy. Patients with hepatitis C and Schistosoma mansoni coinfection show markedly accelerated hepatic fibrosis when compared to HCV alone (Kamal et al. 2006) .
Literature demonstrates that the association between S. mansoni and HCC is probably an indirect one through potentiating the effect of hepatitis virus. In fact, patients infected by S. mansoni have higher rates of HBV and HCV infection compared with non-infected controls. An experimental study was carried out to clarify whether S. mansoni infection is considered as a risk factor for development of HCC or not, the authors concluded that S. mansoni infection accelerates hepatic dysplastic changes in the presence of other risk factors making cancer appear early and with a more aggressive nature, compared to the same risk in absence of schistosomiasis (El-Tonsy et al. 2013) . El-Zayadi et al. (2005) reported that the epidemiology of HCC in Egypt is characterized by marked demographic and geographic variations.
So, the aim of this work was to study the different factors that may be implicated in the relationship of schistosomiasis mansoni with HCC in Egypt.
Subjects and methods
A total of 75 Egyptian patients with primary liver tumours (HCC) were enrolled in this study. They had been diagnosed by ultrasonography, alpha fetoprotein (AFP) level and fine needle aspiration cytology. All the patients were HCV positive. The patients were residing Cairo, Nile delta and Upper Egypt and were admitted to various cancer institutes in Egypt. No patients had any serological evidence or past history of recent or old hepatitis A, B or D virus infection.
All patients were subjected to the following:
-Full history taking (age, residency, history of schistosomiasis or anti-schistosomal treatment, risk factors for HCV transmission like blood transfusion and surgery). -Indirect hemagglutination assay (IHA) (Bilharziose Fumouze Diagnostics/SERFIB, France) for the diagnosis of schistosomiasis. According to the results, the patients were categorized into two groups: 1. Comparison between two independent mean groups for parametric data using Student's t test. 2. Chi square test to study the association between each 2 variables or comparison between 2 independent groups as regards the categorized data.
The probability of error \0.05 was considered significant, while \0.01 was considered highly significant.
Results
Analysis of the age distribution among HCC patients revealed that patients with co-infection were younger in age at time of diagnosis of HCC; with mean age, 57.1 years, as compared to patients with HCV alone; with mean age, 64.3 years. There was a highly significant difference (P \ 0.001) between the two groups (Table 1; Fig. 1 ).
In the present study, analysis of the sex distribution among the studied groups of patients showed that there were 19 (65.5 %) male patients in group I and 27 (58.7 %) in group II, while there were 10 (34.5 %) female patients in group I and 19 (41.3 %) in group II. There was no significant statistical difference between the 2 groups since HCC was more common in males than females in both groups (Table 2) . As regards the residential distribution among the studied groups, there was a significant statistical difference (P \ 0.05) between groups I and II regarding residential distribution in rural and urban areas with 10 patients (34.5 %) residing in rural areas in group I and 29 patients (63.1 %) in group II, and 19 patients (65.5 %) residing in urban areas in group I and 17 patients (36.9 %) in group II (Table 3 ; Fig. 2 ).
Comparison between groups I and II as regards the distribution of liver cancer showed that HCC was more commonly multifocal and larger in size in patients with concomitant infection than in patients with HCV alone (Table 4 ). The table shows that most patients of group II have multifocal lesions distributed in both lobes and most of them have lesions which are [3.0 cm.
Discussion
HCC is the fifth most frequent neoplasm and the third most common cause of cancer related death, accounting for approximately one million deaths per year all over the world (Pleguezuelo et al. 2010) .
In the present study, analysis of the age distribution among HCC patients revealed that patients with co-infection were younger in age at time of diagnosis of HCC with mean age 57.1 years, as compared to patients with HCV alone with mean age 64.3 years with a highly significant statistical difference between the 2 groups (Table 1; Fig. 1 ). The present study also showed that HCC due to coinfection was more common in rural residents as there was a significant statistical difference between the 2 groups as regards residence (Table 3 ; Fig. 2 ). This is consistent with the study of El-Zayadi et al. (2005) who found that, the most predominant age group among HCC patients was (40-59 years), with a shift to a younger age group over the last two decades. They attributed that to emergence of HCV infection, as well as to acquisition of both hepatitis B and C virus infection at younger age during schistosomiasis intravenous therapy. Moreover, Abdel-Wahab et al. (2007) found that most of HCC patients were rural residents and farmers. He observed that the mean age of HCC among those patients was 54.26 ± 9.2 with a high prevalence between 51 and 60 years old. Hussein et al. (2004) had also clarified that HCC occurs at younger age group in Upper Egypt as compared to other high risk regions in Asia and attributed that to the involvement of S. mansoni as a risk factor among Egyptian patients.
Analysis of the sex distribution among the studied groups showed that HCC was more common in males than females in both groups. In group I, 65.5 % of patients were males while only 34.5 % were females, and in group II, 58.7 % of patients were males and 41.3 % were females (Table 2) . This is consistent with the study of El-Zayadi et al. (2005) where the calculated risk of development of HCC was nearly three times higher in male than in female patients, which may be explained by differences in exposure to risk factors. Yu et al. (1991) mentioned that sex hormones and other X-linked genetic factors may also be important. As regards the aggression of HCC, it was more commonly multifocal and larger in size in patients with concomitant infection than in patients with HCV alone (Table 4) .
In the present study, the significant higher proportion of HCC patients had concomitant HCV and schistosomiasis (61.3 %) compared to HCC patients with HCV alone (38.7 %) suggesting that the co-infection had increased the incidence of HCC among these patients. These results agree with Kamal et al. (2000) who suggested that the combination of chronic schistosomiasis caused by S. mansoni and chronic hepatitis C in Egypt is frequently associated with more rapid progression to cirrhosis and HCC together with higher liver related mortality rates during follow-up. Moreover, Strickland (2006) had shown that in Egypt, 70-90 % of patients with chronic hepatitis, cirrhosis or HCC have co-infection of schistosomiasis and HCV. Also, Angelico et al. (1997) concluded that coinfection of S. mansoni and HCV, are highly prevalent among patients with CLD in Egypt, and this association may have mutual interaction, increasing the severity of liver pathology and the risk of HCC. Badawi and Michael (1999) had studied the risk factors of HCC in Egypt and concluded that factors associated with increased risk of HCC in Egypt were age over 60 years old, farming, schistosomiasis with relative risk (RR) 95 % and HBV infection with RR 95 %, cigarette smoking and occupational exposure to chemicals. They added that schistosomiasis increased the severity of HBV infection and elevated the risk of HCC in co-infected patients compared to patients with HBV alone.
The high incidence of HCC in patients with schistosomiasis and HCV infection, agrees with similar finding in Japan. Iida et al. (1999) had conducted Japanese preliminary study and found that 19.1 % of patients with CLD and 51 % of HCC cases were co-infected with S. japonicum and HCV. They also conducted a prospective case control study for 10 years which showed that HCC developed in 5.4 % of chronic schistosomiasis cases and in 7.5 % of patients with HCV, with a high incidence of HCV antibodies in patients with chronic schistosomiasis. On the other hand Hassan et al. (2001) in his study of the role of HCV in HCC concluded that HCV infection increases the risk of HCC whereas S. mansoni infection does not. He also conducted the idea that S. mansoni infection may increase the risk of HCC only in the presence of HCV. Recently, Abdel-Rahman et al. (2013) found that positive schistosomal serology is significantly associated with failure of response to HCV treatment despite antischistosomal therapy.
El-Zayadi et al. (2005) through his single center study of the risk factors of HCC in Egypt suggested that schistosomal infection may be a unique invisible risk factor for the development of HCC in Egypt. He attributed that to two factors, either the role of anti-schistosomiasis parenteral therapy in transmission of HCV which is later complicated with HCC, or through persistence of hepatitis B and C viremia due to immune suppression caused by schistosomiasis. However, his results did not reach a statistical significance and he couldn't identify a direct causal effect of schistosomiasis in development of HCC.
Understanding these relationships may clarify the role of S. mansoni as a risk factor in the development of HCC at an early age which should draw the national attention to provide people at high risk with more effort in the control and prevention of schistosomiasis.
Further investigations must be conducted for the development of a schistosomiasis vaccine that target school children, who are at higher risk for infection and are more vulnerable to the development of HCC due to acquiring infection at young age.
According to the WHO recommendations that all countries should incorporate HBV vaccine into their routine program by 1997, HBV vaccination was discussed to be implemented in the national immunization programs. In the absence of vaccination for hepatitis C, vaccination for schistosomiasis should be also implemented in the national immunization programs in order to decrease the risk of development of HCC among co-infected patients.
Although HCC meets the criteria of a tumor that would benefit from surveillance programs, the poor sensitivity and specificity of currently available tools have hindered their implementation (Pleguezuelo et al. 2010) . Currently, only few biomarkers for HCC are available for clinical use, among which only AFP partially fulfills the requirements of an ideal tumor marker (Santamaria et al. 2007 ). Therefore the application of new technologies to identify a biomarker that can be used as a screening test for HCC in high risk groups must be considered.
It is concluded that schistosomiasis insult on the liver is a slowly progressive one. So it is difficult to initiate alone, within the normal life span of any patient, dysplastic changes that may be a risk factor for HCC development. But it accelerates these dysplastic changes in the presence of any other risk factor making the cancer appear at an earlier age and with a more aggressive nature. Also, any patients with chronic schistosomal hepatosplenomegaly, especially those who acquired infection in childhood and whose schistosomiasis insult will have the chance to affect their livers a longer period of time, must be followed up for fear of earlier development of HCC.
